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E_ _(0) and slope parameter L

sym

Fuchs and Wolter, EPJA 30 (2006)
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Symmetry enefgy_

Astrophysical relevance Crab nebular.

* Proton fraction As seen by Hubble,
* M-R relation Chandra andz.gr
* Stability against gravitational collapse - ﬂe\
s p, for direct URCA

* Transition density
* Cooling rates

Nuclear structure and reactions (p=p )
® Masses - Fits to binding energies

jlane emission a Neutron SklnS
= side-splash @ GDR & Pygmy resonances Correlations
GDR & PYGNY RESONANCE " waes - @ Yields of fragments

P

@ [soscaling, isospin diffusion
@ Phase space distributions
OFF plane smisson ® Particle production

® Flows ...
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From HICs to cbmpact_'sfajr's

Equation of state of neutron matter

%‘j
=
Interior of a neutron star
nucleons
nucleons + exotic D‘G? é 9 1Ir:+ 1I1 1|:a 1|3 1;1 15
strangeness Radius (km)

P.B. Demorest, Nature Oct. 2010

J1614-2230 binary system, Pulsar m = 1.97 +/- 0.04 M_
Direct mass measurement by Shapiro delay

n
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Symmetry enefgy

At low and normal nuclear matter densities Roca-Maza (2011)

PREX Roca-Maza et al. PRL 106(2011)252501

Centelles et al. PRL 102(2009)122502
Warda et al. PRC 80(2009)024316

Antiprotonic atoms

_ | Masses | Danielewicz NPA 727(2003)233
Nuclear model fit | Masses Myers et al. PRC 57/1998)3020
I n-p emission Famiano et al. PRL 97(2006)052701
HIC | Isoscaling Shetty et al. PRC 76(2007)024606
Tsang et al. PRL 102(2009)122701
'GDR | Trippa et al PRC 77(2008)061304
_ | PDR Klimkiewicz et al. PRC 76(2007)051603
e | PDR | Carbonne et al. PRC 81(2010)041301
Krasznahorkay et al. arXiv:1205.2325
Xu et al. arXiv:1006.4321v1
BHF [Bare NN potential Vidana et al. PRC 80(2009)045806
L | 1 | L | L | L
20 04 @& & 100 12D
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Heavy i6n collisions at relativistic:ehergies

Connecting nuclear experiments at low densities with neutron stars

—

bridging large range in nuclear matter density and N/Z
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(p/po)cen.
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Sn+Sn, b=1 fm
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Heavy i6n collisions at relativistic:ehergies

. . .. . 2
Connecting nuclear experiments at low densities with neutron stars
bridging large range in nuclear matter density and N/Z LS T [ mnsgn e m
E/A=200 MeV
— 2.5 |
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o B Observables sensitive to high densities and |
Liquid gas | symmetry energy )
B production and phase space distributions
B iSOSpin pairs as probes Ly
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Intermediate densities — Flow of isospin pairs

Elliptic flow v,

~ reacion plane

bounce off
side-splash

OFF plane emission

dN /dAg x 107
o N b » oc

X148 AN

E2
0,4<Y,<0.6

S L [

g—goch 2v,cos(®)+ 2v,cos(2 D)

OP=pr—@

PRI s

@ Sensitive to pressure changes

@ Elliptic flow is a
compression/expansion phenomenon

2 Particles from the high density phase
are emitted perpendicular to the
reaction plane

90 90
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Excitation function of elliptic flow
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elliptic flow
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Excitation function of elliptic flow
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1.5A GeV 0.25<b,<0.45 ut0>0.4
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@ ¥Ry +%Zr same mass but
different charge

@ Measurements at 2 energies

@ Effects very tiny

@ |sospin difference?

@ difference for t/3He only at
highest energies in Au+Au

2 momentum effect?




%

A. LeFevre, C. Hartnhack, Y. Leifels, J. Aichelin,

@ Z yields can be accounted for with MSTs
@ |sotopic effects special treatment

@ |nfluence of cluster formation on flow

@ Various studies on the way

Problem with most approaches
start at relatively late times

but

pre-fragments are formed early

Our approach

@ Simple algorithm

@ Applicable to results of any transport model

@ Using potentials of the transport model

@ Starting formation of clusters early (40 fm/c)

@ Using an Metropolis algorithm to obtain the
most stable configuration

@ Propagation in Coulomb field

@ Eventually deexcitation by evaporation
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@ Z yields can be accounted for with MSTs LhE

@ |sotopic effects special treatment
@ [nfluence of cluster formation on flow
@ Various studies on the way 0

Problem with most approaches

start at relatively late times
but -0.05 -

pre-fragments are formed early

0.05 '
Our approach .
@ Simple algorithm
@ Applicable to results of any transport model 0

@ Using potentials of the transport model o

@ Starting formation of clusters early (40 fm/c)

@ Using an Metropolis algorithm to obtain the
most stable configuration -0.05 -

@ Propagation in Coulomb field

@ Eventually deexcitation by evaporation
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n-p elliptic flow

. - . M.D. , PLB 700, 1 2011
LAND/FOPI expriment E?Ir:"éag? detector: 0.1 D- Cozma, PLB 700, 133 (2011)
1991 - | Au+Au @ 400 AMeV _
Target -| FOPI-LAND filter 1
beam 0.05 F _
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Data: Y. Leifels, D. Lambrecht
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n-p elliptic flow P. Russotto etal., | |
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n-p elliptic flow

Comparison to UrQMD
predictions:

Diffent parametrization for
in-medium cross sections

neutron/hydrogen
FP1:y =1.01 £ 0.21

FP2:y = 0.98 = 0.35
neutron/proton

FP1:y = 0.99 + 0.28
FP2:y = 0.85 = 0.47

adopted: y=0.9 £ 0.4
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ASYEOS at SIS 18 3
Main observable: n/p, t/"He elliptic flow

in Au+Au and *°Ru+Ru(Z=44)/*°Zr+Zr(Z=40) collisions at 400 AMeV

Measure charged particles
and fragments in addition
Clusterisation important

See talk by J. Lukasik
and poster by Simon Gannon
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Acceptance

Measuring fragments
P and neutrons in the
same acceptance
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F‘hIFF' ClIMCRA |'-:ludt:|'|> PhiR= CIEMERA (dea

® of reaction plane Micro ball

® of reaction plane Chimera

P. Russotto et al. (2013)
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Reaction plane reconstructed

—~800
O.45<ylab/yl)mj<0.55
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n data
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T R T e o e
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@ n background from shadow bar measurements
@ preliminary results
@ Comparison of elliptic flow of neutrons and
charged particles consistent with previous
findings
2 Analysis ongoing
@ Kratta needed for comparison between neutrons
and isotopic resolved charged particles

Preliminary results in
comparison to UrQMD calculations

P. Russotto et al. (2013)
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Symmetry energy via production
of isospin partners 1-and K%

L ' ' '
L7/
T-/Te+ ratio sensitive to (N/Z) of system o : 0.8 GeV
2" Nagamiya 81 A
7 _ SN°+NZ N)Z _ T
— ~ 5 e
" 5Z°+NzZ \Z T 20 =
-
NNeNA<xNN isobar model ST
1.5 -
T/Te+ ratio sensitive to i
n and p effetive masses
- 2(w.— 1.0 - o
“—+Eexp (Mn Mp) [ I AR I B
T 1.0 1.1 12 13 14 15
chemical equilibrium vz
System
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Te & &

Symmetry energy via production

of isospin partners ' and K% /" ratio
| - | Y |
3.0 0.4A GeV a
Te/Te+ ratio sensitive to (N/Z) of system
2.5 -
< BN*+NZ [N ,
+ — 2 Sl = -
n. 5Z°+NZ \Z £ 20f .
T
isobar model -
15} IQMD SM -
T-/Te+ ratio sensitive to
n and p effetive masses L | R
n_‘Eesz(Mn—Mp) 10 12 1.4
- T N/Z

System
chemical equilibrium
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Z. Xiao et al. PRL 102 (2009) 62502 " | - Ferini NLp&
J. Xie et al, PLB 718 (2013) — E&fg ot
J. Xu et al., nucl-the 1305.0099 o Xiao x=1
G. Ferini et al. PRL 97 (2006) 202301 = | - Xiao x=0
Feng et al, nucl-th 0907.2990 > gl fongnard
() eng linear
=
£
3 50
LI

Results model dependent
BECAUSE

Symmetry energy — n/p ratio, number of nn, np, pp collisions
Medium - effective masses (N, 11, A), cross sections

- thresholds

”~

p/P,

— Interpretation of pion data not straight forward
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w/mt

— Ferini NL
------- Ferini NLpd
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— Feng hard
------- Feng linear
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Kaons

@ High threshold

@ Subthreshold production is
sensitive to density -~ sym EOS

@ Weakly interacting with medium,
long mean free path

@ Early freeze-out

@ Kaon number stable after 20 fm/c

A

N N
‘—./ xt
N N .
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Very high densities - Kaon production

N 2
o
X
=
X
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X. Lopezi et al. 2007
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.30
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75 100

DATA THERM. NL
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NLp NLpd

Infinite nuclear matter
calculation

Nucleus nucleus
collision




1.8 | A|u+Au: b < 1| fm | - higher sensitivity at lower energies
' v NLoS > requires excellent kaon
i HADES N NLp i identification and long beam times
L P » HADES
1.6 m DDF
- stiff ® NL | ——
|
=14+ .
il
1.2 - a
] soft ]
1 Ferlini et aI.,IPRL ’. 202301|(20(£) |

1 15 2

E (AGeV) | Production threshold
in NN collision

Poster by H. Schuldes

NUSYM 2013 — Yvonne Leifels




Summary

Constrammg symmetry energy at high densities
' by measurlng

AT He, n/p, 1T I K/K-
_ particle yields, dlfferent_lal flows;
double ratios etc. with stable beams:

outer plastic wall inner plastlc wall

BIOId-and preliminary new results point
" toa moderately hard SEy = 0.9
Exceptlon pions - soft- SE?.
~.Several e.ffol‘ts ongoing -

* focused on two. obserrvables
flow of nlp, NE
: St_rangeness
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“ relevant-energies 400-2000 AMeV: |
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New p_ro'j'e'c_t-s_
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New projects
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New projects
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SIS100
Max 11A GeV A
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and t(_)_the'.ASYI'EOSL collaboration

Co-Spokespersons: R C. Lemmon‘and P, Russotto’
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